Introduction
In a previous work (Yousif et al., 2010) , parasitological examination of Melanoides tuberculata (Müller, 1774) snails from Egypt led to discovery of eleven different types of cercariae. These were found to belong to four main type groups, namely pleurolophocercous cercariae, xiphidiocercariae, gymnocephalous cercariae and furcocercous cercariae. The pleurolophocercous cercariae were procured from considerably large numbers of snails collected from the water system at Giza Governorate. This finding initiated the present authors to try complete the life cycles of these trematodes for their proper identification. The present study reports on the life cycle of one of these cercarial types which were experimentally completed in the laboratory. All developmental stages of the life cycle, namely the metacercaria in the second intermediate host Gambusia affinis fish and the adult form in the susceptible albino rats (Rattus norvegicus) were described in detail and coming to identification of this parasite depending on these descriptions.
Material and Methods
The material used in this study were several hundreds of specimens of Melanoides tuberculata snails (Prosobranchia: Thiaridae) (Fig.1) , 150 Gambusia affinis (Poeciliidae) fish and a number of albino rats (Rattus norvegicus) 4-6 weeks old (180-200gm) . The snails and fish were collected from Mansouriya main canal, Giza Governorate, using a hand net. They were carried to the laboratory where both were maintained in several separate aquaria containing dechlorinated tap water. The snails were fed on blue green algae while the aquaria containing fish were aerated and provided with fish food "tetramin". The snails were examined for cercariae shedding by placing them individually in wells containing 3 ml water each and exposed to artificial light (60 W) at 30 ᵒC for 2 hours. The procured pleurolophocercous cercariae belonging to one and the same type were collected by a pipette using a stereomicroscope. These were used to complete the life cycle of the parasite. Some of the snails infected with this type of cercariae were crushed and various developmental stages of redia were obtained. Both the cercarial and redial stages were examined using a stereomicroscope, measured and morphologically described. They were also photographed and camera lucida drawings were produced.
The Gambusia fish were examined carefully to confirm that they were devoid of any trematode infection especially in the gills. Free of infection fish were exposed for 8 hours to the collected pleurolophocercous cercariae of the considered type. They were then examined successively for the presence of metacercariae. The metacercariae found in the gills were detached, examined fresh, measured depending on 10 specimens, photographed and camera lucida drawn.
The rats used in this study were obtained from the Animal House at TBRI. They were fed with infected gills containing metacercariae. On the 7 th day post infection the rats were dissected and their small intestines were opened longitudinally in a petri dish containing phosphate buffer saline (Ph 7.40) and examined for procured worms using a stereomicroscope. The worms obtained were examined fresh using light microscopy under cover glass pressure, after being stained by vital stains and after fixation with 5% formalin. Measurements depending on 12 specimens of the total body size and several structures such as oral sucker, acetabulum, pharynx, ovary, testes and eggs were obtained.
For SEM adult worm specimens were washed well with phosphate buffer saline and fixed in 2.5% glutaraldehyde and processed for further examination by scanning electron microscope SEM (Inspect S, FEI Company, Holland), according to a standard method (Shaw and Erasmus 1987) .
Results

Description of various stages of the parasite as follow:
The Redia (Fig.2 A&B) The mature redia body is tubular and mostly curved, measuring 476.3 µm in length (450-500) and 130.3µm in width (120-140µm). Its mouth opens at the anterior end of the body, followed by an oval muscular pharynx 23.4x27.5 µm (20-26X25-30µm) which leads to a short gut. A birth pore opens laterally at the level of the gut. The mature redia usually contains cercariae of various developmental stages. The germinal balls and germinal cells are found at the extreme posterior end of the body.
The Cercaria (Fig. 3 A&B) Fifteen snails out of 760 examined were found infected with this type of cercariae. The newly emerged cercaria is very active, swims by beating tail, then becomes quiet and sinks down slowly. It rests on the bottom with body and tail straight and lives for 2-3 days. The cercaria body is heart shaped, measuring 102.8x86.8 µm (90-120x70x100µm). The oral sucker is subterminal well developed measuring 332.8 µm (30-35 µm). The mouth is provided with nine small hooklets in two rows, 4 anteriorly and 5 posteriorly. The pharynx lies just behind the oral sucker. It is short muscular followed by a thin long oesphagus. A pair of rectangular ocular spots containing dark brown pigment is located just below the level of pharynx one on either side of the body. Seven pairs of penetration glands with prominent nuclei are arranged laterally in 2 bundles on both sides of the body. The glands lead to seven pairs of ducts arranged in 2 bundles which extend anteriorly to open at the anterior margin of the oral sucker. The genital premodium is a relatively large triangular mass of cells located just anterior to the excretory vesicle. The cystogenous glands (15-19) lie on the lateral sides of the body. The excretory vesicle is thick walled transversally enlarged. The tail is slender 201.3x25 µm (185-220x20-30µm). It possess a well developed undulated membrane extending middorsally along the posterior-third of the tail.
The Metacercaria (Fig. 4 A, 
B, C and D)
The metacercariae were found encysting in the branquial filaments of the fish gills. The adult metacercaria is oval measuring 211.8x160.8 µm (180-230 X 140-186 µm). The oral sucker is prominent located terminal of the body and measures 56.5x29.3 µm (48-64 X 26-32 µm). It is armed with two rows of 32 spines. The acetabulum is well developed, measuring 35-41 µm. The metacercaria shows a short prepharynx followed by an oval shaped pharynx measuring 23.5x18.8 µm (21-25 X 18-20µm). The oesphagus is short leading to a wide caecum which reaches posteriorly to the level of excretory vesicle. Two small ocular dark spots appear at a level of pharynx. Two testes are symmetrical in location but vary in size. Left one measures 24.8x34 µm (21-30 X 31-38 µm) and the right one measures 30.5x32.5 µm (26-34 X 30-36 µm). The ovary is oval, pre testicular, measures 23.3x18.5 µm (20-26 X17-20 µm) . The excretory vesicle is X-shaped and the main collecting ducts extend from the level of the acetabulum to the excretory vesicle.
The adult (Fig. 5 A, B, C &Fig 6 A, B) The worms (10 specimens) were collected and examined 7 days after infection. They are small truncated measuring 517.5x323.6 µm (410-600x300-360µm). The oral sucker is terminal measuring 59x48.5 µm (55-63X45-52µm). It is armed with two circles of 32 circumoral spines (12x4µm) (Fig. 6B) . The acetabulum is smaller than the oral sucker (41-50µm) and is located at the middle of the body. The prepharynx is short and the pharynx is muscular measuring 36.8x45.3 µm (35-40X40-52µm) followed by a short oesophagus 26.8x6.3 µm (20-32x5-8µm). The caeca are large and diverge towards the acetabulum and extend to the level of the ovary.
The male reproductive system consists of two ovoid shaped testes, smooth or slightly lobular, somewhat transversely opposite to each other nearer to the posterior end of the body and localized between the branches of excretory vesicle. The right testis is slightly larger than the left one, measures 85.3x76 µm (70-100X60-87 µm) while the left one measures 80.8x71 µm (65-96X60-82µm). The seminal vesicle is large bipartite. The female reproductive system consists of an oval ovary, smooth or slightly lobulated, measures 87.8x40.5 µm (75-97x32-50µm), and is located immediately anterior to right testis. The oviduct begins from the left lateral side of ovary and passes transversely. The uterus bends several times anterior to the border of testes.
The eggs are elongated operculated and some embryonated measuring 28.3x14.3 µm (20-38X12-18µm). The vitellaria form in small group of follicles located outside of caeca and extending from the level of pharynx to the posterior end of the body. Common vitelline duct is just in front of testes and reservoir is triangular in shape. The excretory system is characterized by X-shaped excretory vesicle which opens to a terminal excretory pore. A principal excretory duct extends posteriorly from the level of pharynx to the excretory vesicle. It receives collecting ducts of the flame cells. SEM photograph of the body surface shows that it is covered with scale-like tegumental spines (Fig. 6 A) .
Discussion
In the present study, Centrocestus formosanus is first recorded in Egypt. The cercaria was obtained from Melanoides tuberculata snails during parasitological study of the snail which is the first intermediate host of the parasite (Yousif et al., 2010) . The life cycle of the parasite was then successfully completed in the laboratory through Gambusia fish and the albino rat Rattus norvegicus as experimental secondary intermediate and final hosts respectively. The identification of the obtained worm was made depending on showing the main characters of C. formosanus. It has 32 circumoral spines arranged in 2 alternative rows, a large bipartite seminal vesicle, an oval ovary and an X-shaped excretory vesicle. These are the same characteristic features of C. formosanus described from other countries (Nishigori, 1924 from Northern Formosa, Chen, 1942 from Hong Kong, Hernandez et al., 2003 from Venezuela, Han et al., 2008 from Korea, Pinto and Melo, 2012 from Brazil). However, there are considerable differences in the measurements of this parasite from various countries as well as of specimens of the present study as shown in the As mentioned above this parasite utilizes M. tuberculata as first intermediate host which is the only snail host for it worldwide. Meanwhile, it is found naturally in the gills of many fish species as second intermediate host in various countries such as : certain Asian countries (Yanohara and Kagei 1983, Madhavi, 1986) , Saudi Arabia (Arfin, 1999) , Tunisia (Najet et al., 2014) , United States (Mitchell et al., 2000) , Venezuela (Velez-Hernandez et al., 1998 , Hernandez et al., 2003 , Mexico (Salgado-Maldonado et al., 2005) , Croatia (Gjurcevic et al., 2007) , Brazil, Melo 2012 Pinto et al., 2014) . Waikagul et al., 1997 classified the species of the genus Centrocestus into 3 main groups depending on the number of spines on oral sucker: One group is composed of those with 26-36 spines (C. yokogawai, C. caninus, C. longus, C. formosanus, C. cuspidatus and C. asadai), the other are formed of those carrying 38-48 spines (C. nycticoracis, C. kurokawai and C. armatus) and the third group formed of those carrying 50-60 spines (C. polyspinosus). Centrocestus sp. other than formosanus were described in Egypt by Looss, 1899 The destructive nature of the present trematode by causing damage of the fish gills was reported by Blazer & Gratzek 1985 and Vogelbein & Overstreet 1988 . Mitchell et al., 2005 reported that the control of this trematode may be control of M. tuberculata snail. The most practical approach will be to develop methods to treat and prevent further spread of M. tuberculata. They advised not to transport vegetation from water inhabited by M. tuberculata to those not inhabited. Pointier & Augustin 1999 in South America and Yousif et al., 1998 and 2010 in Egypt, recommended that M. tuberculata snail as very useful to be used in biological control of schistosome vector snail. Centrocestus is undoubtedly an important parasite which should attract more attention of fish parasitologists, veterinarians, aquaculturists and fishery managers in Egypt. The present record should stimulate further research on this parasite for better understanding of all aspects of its life cycle, transmission, effect on fish and its control. 
